Background: Osteoprotegerin (OPG) is a member of the tumor necrosis factor superfamily. Reduced OPG levels are related to obesity, insulin resistance, and non-alcoholic fatty liver disease (NAFLD).
Background
Obesity is a serious public health threat that has rapidly increased in prevalence in recent years. In the last 30 -40 years, obesity has become a serious problem during the periods of childhood and adolescence (1, 2) . Insulin resistance and dyslipidemia are early metabolic complications of childhood and adolescent obesity (3). Cardiovascular diseases, type 2 diabetes, and other metabolic problems are expected to develop in individuals with obesity (4) . Experimental evidence shows that the number of macrophages in adipose tissue has increased in individuals with obesity. It is clear that these macrophages represent a possible origin of proinflammatory factors affecting adipocyte biology and systemic insulin resistance (5) . Various tissues, such as those in the heart, veins, arteries, lungs, kidneys, and bone, as well as immune system cells, generate Osteoprotegerin (OPG), a soluble glycoprotein which is a member of the tumor necrosis factor (TNF) receptor superfamily. OPG was initially found as an inhibitor of bone resorption, and the expression and production of OPG are regulated by different cytokines and hormones Copyright © 2016, Iranian Red Crescent Medical Journal. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. (6) . Along with its vital importance in the control of bone metabolism, OPG has significant anti-inflammatory and anti-apoptotic impacts (7) . Due to the biological links that exist between OPG and inflammation, it is suggested that special attention must be paid when evaluating the role that the OPG-receptor activator of nuclear factor kappa Bligand (RANKL) system plays in metabolic diseases (8) . As a result of a population-based study, it was determined that the increased serum OPG levels represent an independent risk factor in the advancement of atherosclerosis and vascular mortality (9) . Non-alcoholic fatty liver disease is one of the major manifestations of obesity. Since the regulation of the anti-inflammatory and anti-apoptotic impacts of OPG is performed by the RANKL and TRAIL signaling pathways, the identification of the connection between OPG and NAFLD is concerned. A decrease in circulating OPG levels in NAFLD subjects has been reported in a number of epidemiologic studies (10, 11) . However, this relationship has been inconsistent (12) .
Studies evaluating adult populations have indicated a potential relationship between insulin resistance, metabolic syndrome, NAFLD, and concentrations of OPG (10, (13) (14) (15) (16) . These studies reported that serum OPG level could be used as a non-invasive marker of liver damage in NAFLD (13, 16) . However, studies concerning OPG level and its relationship with insulin resistance in children are limited (17) . Suliburska et al. (17) reported OPG level and its relationship with insulin resistance only on obese adolescents. There is no study related to the role of OPG in obese pediatric NAFLD cases.
Objectives
The aims of the current study were to measure OPG concentrations in children with obesity and insulin resistance, and to evaluate the potential association of OPG level with NAFLD.
Methods

Study Population
This single center, prospective, cross-sectional, controlled study was conducted in the department of pediatrics at Bagcilar training and research hospital in Istanbul, Turkey, between April and August 2015. Bagcilar is one of the most crowded districts of Istanbul. Our study population belonged only to the Bagcilar district. Bagcilar training and research hospital is a general tertiary referral governmental hospital. Department of pediatrics has 40 beds. Outpatient clinic and emergency service of hospital admit 2.000.000 patients a year. Between April and August 2015, 2000 children were admitted in the pediatric outpatient clinic. According to our inclusion and exclusion criteria, 144 out of 300 parcipitants (107 obese children and 37 normal controls aged 5-17 years) were included in the study. The consort flowchart of sample selection is shown in Figure 1 .
The children who had any of infection, metabolic or endocrine diseases or used dietary supplementation and refused to give informed consent were excluded. Medical records were evaluated for age, gender, and physical examination findings.
The inclusion criteria for the study consisted of being obese and ages 5-17 years. Healthy children in the same age range, reffered to the pediatric polyclinic of the hospital for general medical examination, with BMI below the 95th percentile and without chronic diseases or infection symptoms included in the control group.
Anthropometric Measurements
Weights and heights of children were measured in the first examination in pediatric outpatient clinic. All anthropometric measurements were performed by the same pediatrician. Weights were measured with subjects in minimal (without shoes and with light clothing) underclothes, using a standard beam balance sensitive to 0.1 kg. Heights were determined to the nearest 1 mm using a portable Seca stadiometer. Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters squared). Patients with a BMI greater than the 95th percentile for their age and gender were considered obese (18) . The patients with the body mass index less than 95th percentile were accepted as non-obese.
Laboratory Measurements
After overnight fasting, blood samples were taken for determination of glucose, insulin, total cholesterol, triglyceride, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and alanine amino transferase (ALT) levels. All patients underwent a standardized clinical and laboratory evaluation. To measure OPG levels, peripheral venous blood samples were drawn after overnight fasting for 10 hours. These samples were centrifuged at 3000 rpm for 10 minutes, and the isolated plasma was stored at -80°C until assayed. An enzyme linked immunosorbent assay (ELISA) was used to measure OPG (Affymetrix eBioscience, San diego ca 92121, USA, Human OPG kit, Cat no: BMS2021). Triglyceride, cholesterol, and ALT levels were studied using an enzymatic colorimetric method on a Roche Cobas 6000 device. of insulin resistance. Insulin resistance was defined as a HOMA-IR value greater than 2.5 (19, 20) . The ultrasonographic (USG) examinations of all the children were performed using a 3.5 MHz convex transducer (TOSHIBA). All children were evaluated by the same radiologist in the department of radiology, Bagcilar training and research hospital. USG evidence of NAFLD was based on the bright hepatic echo pattern, increased echo attenuation, and loss of intrahepatic architecture (21) .
The study protocol was approved by the research ethics committee of Bagcilar training and research hospital (approval number of 2015/365) in accordance with the declaration of Helsinki. informed consent was obtained from all study participants and/or their parents.
Statistical Analysis
All statistical descriptions and hypothesis tests were analyzed using SPSS version 23 and MedCalc 16.2 software.
The explanatory statistics are given as the mean ± standard deviation for the continuous variables and as the frequency and percentage for the discrete variables. The conformity of the continuous variables with the normal distribution was evaluated using the Kolmogorov-Smirnov test. Two independent sample t-tests were used to compare the variables that were in conformity with the normal distribution, while the Mann-Whitney U test was used to compare the variables that were not in conformity with the normal distribution. A ROC analysis was conducted to evaluate whether the serum OPG values of the patient group were distinct from those of the control group, and the area under the curve was assessed. Logistic regression analysis was performed to identify factors affecting obesity. The results were evaluated at a significance level of P < 0.05.
Results
The mean age was 11.25 ± 3.38 years in the patient group and 10.41 ± 3.15 years in the control group, while the male/female ratio was 64/43 in the patient group and 21/16 in the control group. No statistically significant difference was observed in the mean age and gender distribution between the obese children and control group (P > 0.05). The mean HDL in the obese group (52.15 ± 16.23 mg/dL) was significantly lower than that of the control group (59.73 ± 13.43 mg/dL) (P = 0.012), whereas the mean triglyceride level was significantly higher in the obese group (112.47 ± 51.74 mg/dL) compared to the control group (82.81 ± 36.51 mg/dL) (P = 0.002). The mean ALT level was significantly higher in the obese group (25.93 ± 14.67 U/L) compared to the control group (14.92 ± 4.77 U/L) (P = 0.0001). The mean fasting insulin level was significantly higher in the obese group (21.81 ± 16.65 mU/mL) compared to the control group (10.12 ± 9.54) (P = 0.0001). The mean HOMA-IR level was significantly higher in the obese group (4.94 ± 4.2) compared to the control group (2.29 ± 2.36) (P = 0.0001).
These results are consistent with obesity ( Table 1) .
The strength of the study was performed only for statistically significant comparisons. 80% strength is the minimum acceptable strength value (Table 1) .
Osteoprotegerin Level in the Obese and Control Groups
The Mann-Whitney U test was employed to determine whether there was a difference between two groups in terms of Osteoprotegerin level. According to this test, the mean OPG was 55.207 ± 24.55 pg/mL in the obese group and 70.782 ± 33.41 pg/mL in the control group. Moreover, the median IQR value was 48.806 pg/mL in the obese group and 64.577 pg/mL in the control group, that showed a statistically significant difference between the groups in terms of the median values of Osteoprotegerin level (P < 0.001) ( Table 1) .
For the definitive diagnosis of obesity, the area under the ROC curve was calculated as 0.696, that within 95% confidence interval (CI) (0.613 -0.796), was significant for OPG (P < 0.0001). This led to a cutoff OPG value of ≤ 46.19 pg/mL. For this OPG cut-off point, Youden index J was 0.3759, 95% CI was ≤ 42.9 -≤ 50.77, the sensitivity was 42.99, and the specificity was 94.59 ( Figure 2) .
To determine the factors most affected by obesity, logistic regression analysis was performed using HDL, triglyceride, fasting insulin, HOMA-IR, and OPG levels as variables. Therefore, fasting insulin (P = 0.036) and OPG (P = 0.01) levels were determined as the factors most affected by obesity (Table 2 ). 
Relationship of Osteoprotegerin and HOMA-IR
Since HOMA-IR and osteoprotegerin data did not follow the normal distribution, the Mann-Whitney U test was 
Relationship of Osteoprotegerin and Hepatosteatosis in Obese Group
According to the results of the Mann-Whitney U test in the obese group, the mean Osteoprotegerin level in those with hepatosteatosis was 54.55 ± 25.01 pg/mL (median 49.4602 pg/mL), while the mean in those without hepatosteatosis was 56.30 ± 24.02 pg/mL (median 48.3433 pg/mL), which showed no statistically significant difference between these groups in terms of the median values (P = 0.098) (ROC analysis P > 0.05). Hence, osteoprotegerin cannot be used as an indicator in the determination of hepatosteatosis.
The mean fasting insulin level was significantly higher in those with hepatosteatosis (25.08 ± 17.94 mU/mL) than those without hepatosteatosis (17.29 ± 13.61 mU/mL) (P = 0.016). The mean HOMA-IR level was significantly higher a Data are given as mean ± SD or n (%), data are given as mean ± SD and median for Osteoprotegerin.
in those with hepatosteatosis (5.74 ± 4.56) than those without hepatosteatosis (3.82 ± 3.38) (P = 0.019). In addition, ALT level was significantly higher in those with hepatosteatosis (28.91 ± 17.13 U/L) than those without hepatosteatosis (21.83 ± 9.04 U/L) (P = 0.013) ( Table 4) .
When the correlation analysis was performed in all individuals, a correlation was found only between osteoprotegerin and age (r = -0.221) (P < 0.05).
Discussion
The main objective of this study was to determine whether a relationship exists between OPG level and insulin resistance in children with obesity. An additional objective was to determine whether OPG is a significant indicator of hepatosteatosis in children with obesity, as there is a paucity of published studies regarding OPG levels in children with NAFDL and obesity. Our main finding is that individuals with obesity have lower circulating OPG levels than their normal-weight counterparts. Previous studies have reported that decreased insulin sensitivity leads to increased insulin production, causing a predisposition to several metabolic disorders, including early atherosclerosis, progressive obesity, acanthosis nigricans, skin tags, hypertension, dyslipidemia, and fatty liver (22) . In the present study, as expected, fasting insulin and HOMA-IR values were high in children with obesity, which led to insulin sensitivity. Furthermore, in these patients, HDL levels were low, triglyceride levels were high, deteriorated lipid profiles were observed, ALT levels were high, and hepatosteatosis was identified on abdominal ultrasonography. These findings are consistent with NAFLD. Furthermore, the children with obesity had significantly lower OPG levels compared to the control group. It is not known what role obesity plays in the regulation of circulating OPG. A decrease in OPG levels in subjects with obesity in comparison with lean controls has been reported in a number of studies (13, 23) , whereas no relationship has been determined between OPG and BMI in other studies (24, 25) . Obesity is accompanied by a number of metabolic changes, including increased insulin resistance. UgurAltan et al. (13) classified young patients with obesity into 3 groups based on HOMA-IR index. The OPG levels in their patients with obesity were found to be significantly lower when compared to a control group. Additionally, they reported that the lowest OPG levels were found in the group with the highest HOMA-IR values, and there were negative correlations between serum OPG level and HOMA-IR, fasting insulin, and glucose. In this present study, although the OPG level was determined to be low in the obese group, neither a negative nor a positive correlation was found between OPG level and HOMA-IR values. The number of studIran Red Crescent Med J. 2016; 18(11):e41873. 5 a Data are given as mean ± SD or n (%), (%), data are given as mean ± SD and median for osteoprotegerin.
ies that have been conducted on OPG in children and adolescents is low. It has been reported that PRG and RANKL levels are high in the stage of infancy, decrease to normal in the childhood and adolescence, and start to increase again after the age of 45 (26) . In our study a negative correlation was detected between age and OPG level. Our result was in agreement with literature. In a study carried out by Suliburska et al. (17) , adolescents with obesity were found to have higher OPG levels compared to a control group, and a significant positive correlation was found between OPG level and insulin resistance. Additionally, a negative correlation was found between insulin resistance and OPG level. Studies in which a positive relationship was determined between these two parameters have been conducted on patients known to have very high insulin resistance, such as individuals with type 2 diabetes or gestational diabetes (24, 27) . In studies carried out on healthy individuals with obesity, negative correlations between OPG level and insulin resistance were found, and the OPG levels in these individuals were low (13, 28, 29) . As mentioned above, OPG serum concentrations are used as a marker of cardiovascular disease and type 2 diabetes (15) . A study by Suliburska et al.
(17) conducted on a similar group of adolescents indicated that there is a risk for diabetes and cardiovascular disease in adolescents with obesity, especially due to significantly increased levels of glucose and insulin in these individuals when compared to people with normal weight. A correlation between OPG level and insulin resistance has not been clearly delineated. In the study conducted by Gannage-Yared MH et al. (25) , a positive correlation was determined between OPG and HOMA-IR. There are significant beneficial impacts of OPG on vascular tissues since it associates with endothelial dysfunction and insulin resistance. In a previous study in which vascular calcification caused by the treatment with warfarin and supraphysiological doses of vitamin D in rats was prevented by OPG applied parenterally, the protective effects of OPG on vasculature were clearly observed (30) . In contrast, recent studies have reported an increase in OPG levels in subjects with type 2 diabetes and coronary artery disease (9, 31) . It was put forward that an increase in serum OPG levels can be defined as an inadequate compensatory self-defense reaction for the purpose of inhibition of progressing bone loss and the advancement of atherosclerosis (9, (31) (32) (33) . In recent times, Schoppet et al. (32) identified apoptotic cells surrounding calcified regions in arteries affected by Monckeberg's sclerosis and atherosclerosis, with the simultaneous identification of OPG and TRAIL in the apoptotic regions. Vascular endothelial dysfunction during obesity can be enlightened by the association between serum OPG levels and HOMA-IR values.
In the present study, serum OPG levels were low in the children with obesity, an observation that is concordant with previous studies. Serum OPG levels have been previously reported to be negatively correlated with HOMA-IR values. In our study, the serum OPG concentrations in the children with obesity decreased, while their HOMA-IR values increased, but no significant differences were detected. Less severe complications and metabolic injuries may be related to early obesity in children.
In the present study, no difference was found in OPG levels between children with obesity who also presented with hepatosteatosis and those who did not. With a sudden increase in obesity observed in children for a period of the previous three decades, it has been detected that the prevalence of NAFLD has increased as well. The risk factors for NAFLD are obesity, hyperlipidemia, insulin resistance, and diabetes (34, 35) . In this study, LDL cholesterol, triglyceride, fasting insulin, and HOMA-IR levels were significantly higher in the children with obesity and fatty liver compared to the children with obesity who did not have fatty liver. OPG is associated with insulin resistance (13, 29) . Furthermore, it has been stated that OPG regulates bone mineral density in subjects having chronic liver disease (36) . OPG performs a function of a decoy receptor for TRAIL and at the same time, its biological impacts are neutralized by OPG (37) . Additionally, TRAIL activates apoptosis in hepatocytes (38) . A decrease in serum levels of OPG in NAFLD can lead to defects in the mechanisms that act to protect hepatocytes from apoptosis (39) . Of much interest and importance, OPG accumulation has been shown to correlate with decreased apoptosis in several cell types (37) . In the present study, the obese children with NAFLD had higher ALT levels than those without NAFLD. This finding supports the suggestion that high ALT levels are an initial finding in NAFLD (40) . As a result of the above mentioned observations, a general protective impact of OPG has been detected against the pathophysiologic changes that play a role in NAFLD via minimum two independent mechanisms. The first mechanism involves insulin resistance and the second one involves protection of hepatic cells from apoptosis. Nevertheless, a more detailed examination is required for the specific mechanisms causing a decrease in OPG in subjects having NAFLD. Because neither the cellular origin of serum OPG nor the mechanisms of its secretion are clearly known (37), it is not understood whether the important reductions in serum levels of OPG observed in subjects with NAFLD reflect a lack of production or increase in consumption of this molecule.
In a study reported by Yilmaz et al. (10) , two groups were formed from the adult patients with obesity, including a serious NAFLD group and a mild NAFLD group. The OPG levels in the serious NAFLD group were determined to be lower when compared to the mild NAFLD group and the control group. In a study conducted by Yang et al. (11) , it was stated that OPG level decreased as NAFLD severity increased, implying a negative correlation between them. Liver biopsies were performed in both studies, and the results indicated that OPG could be used as a noninvasive marker of the damage caused by NAFLD in obesity. In another study conducted by Niu et al. (16) , low serum OPG levels were determined in subjects with type 2 diabetes who also had NAFLD.
The above-referenced studies examining the relationship between OPG and NAFLD were carried out on groups of adults. In contrast, the patients in the current study were children, and their liver damage was likely not as severe as that observed in adults. This may explain why no significant difference was found in OPG levels between our subjects who did and did not present with hepatosteatosis.
There are some limitations of the current study. First, there is a known relationship between OPG levels and high HOMA-IR values in individuals with obesity. Additionally, vascular endothelial function and carotid artery intima thickness are affected in patients with NAFLD. Thus, in these patients, the carotid artery intima thickness could Iran Red Crescent Med J. 2016; 18(11):e41873.
7 not be measured. Second, NAFLD was not confirmed by liver biopsy in our cohort for medical and ethical reasons. Also, our sample size was small. These are weak points of our study. This is the first study that investigates the level of OPG in obese children with insulin resistance and NAFLD. This is the strength and novelty of our study.
Conclusion
Children with obesity who had high fasting insulin levels and high HOMA-IR values had significantly low OPG levels. Although our patients with hepatosteatosis had lower OPG levels than those without hepatosteatosis, no statistically significant differences were found. Therefore, we were unable to reach a clear conclusion on whether OPG could be used as a noninvasive biomarker of NAFLD in childhood obesity and hence, we call for more studies.
